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doi:10.1016/j.asjsur.2012.04.001Summary Objective: Laparoscopic distal pancreatectomy (LDP) is a minimally invasive
surgical technique. The aim of the present study was to evaluate the currently available liter-
ature and compare the short-term clinical outcomes of patients who underwent LDP for left-
sided pancreatic pathology with patients who underwent traditional open surgery.
Methods: A literature search was performed to identify and compare studies that reported the
clinical outcomes of both LDP and open distal pancreatectomy (ODP). Pooled odds ratios (OR)
and weighted mean differences (WMD) with 95% confidence intervals (95% CI) were calculated
using either fixed-effects or random-effects models.
Results: Nineteen nonrandomized controlled studies were identified that matched the selec-
tion criteria and reported the clinical outcomes of 1935 patients, of whom 805 underwent LDP
and 1130 underwent ODP. Compared with open surgery, reports on laparoscopic resection
indicate potentially favorable outcomes in terms of operative blood loss (WMD: -273.11;
95% CI: -404.61 to -141.61), the requirement of a blood transfusion (OR: 0.28; 95% CI: 0.11
e0.71), postoperative time until oral intake (WMD: -1.19; 95% CI: -1.87 to -0.50), time to first
flatus (WMD: -1.03, 95% CI: -1.93 to -0.12), length of hospital stay (WMD: -3.87, 95% CI: -5.06 to
-2.68), and overall morbidity (OR: 0.70, 95% CI: 0.56e0.87). There were no differences in
terms of the extent of oncologic clearance and postoperative mortality.
Conclusion: LDP results in a faster postoperative recovery and a comparable oncologic clear-
ance in comparison with open surgery. Additional large trials are required to delineate theof Hepato-Biliary-Pancreato-Vascular Surgery, The First Affiliated Hospital of Xiamen University, 55
Province, China.
om.cn (Y.-M. Zhou).
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2 C.-J. Sui et al.long-term clinical outcomes of patients diagnosed with malignant neoplasms who undergo
either of these two surgeries.
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reserved.1. Introduction
Since the introduction of laparoscopic cholecystectomy in
1987, the laparoscopic approach has been applied to the
entire spectrum of abdominal procedures. However, the
development of laparoscopic pancreatic surgery has been
relatively slow because of the retroperitoneal position of
the pancreas and the complex anatomical relationship
between the pancreas and the surrounding vessels.1 Lapa-
roscopic distal pancreatectomy (LDP) has recently been
adopted by many centers due to the more straightforward
nature of the resection and the lack of pancreatic ductal
anastomosis,2 but current supporting evidence for this
approach exists only in retrospective case series3e8 and
a few case-control studies.9e11
To improve the level of evidence available regarding
LDP, we undertook this meta-analysis to compare this
approach and open distal pancreatectomy (ODP) with
regard to the short-term clinical outcomes.
2. Methods
2.1. Study selection
The MEDLINE, EMBASE, OVID, and Cochrane database were
all searched for clinical studies published through 2010 to
compare the clinical outcomes following the use of LDP and
ODP to treat pancreatic diseases. The following Mesh
search headings were used: “laparoscopic distal pancrea-
tectomy” and “laparoscopic left pancreatectomy.” Refer-
ence lists of all the retrieved articles were manually
searched for additional studies.
2.2. Data extraction
Two reviewers (BL and CJS) independently extracted the
following data from each study: first author, year of
publication, characteristics of the study population, study
design, inclusion and exclusion criteria, number of subjects
that underwent each procedure, male:female ratio, and
conversion rate. All relevant text, tables, and figures were
reviewed for data extraction. Discrepancies between the
two reviewers were resolved by discussion and consensus.
2.3. Criteria for inclusion and exclusion
For inclusion in this meta-analysis, a study had to fulfill the
following criteria: 1) compare the laparoscopic and open
approaches among patients who underwent distal pancre-
atectomy for benign or malignant diseases; 2) report on at
least one of the clinical outcome measures mentioned
below and provide the standard deviation of the mean forthe continuous outcomes of interest (or provide enough
data to calculate the standard deviation); 3) clearly report
the indications for surgery for the laparoscopic and open
groups; 4) regarding dual (or multiple) studies that were
reported by the same institution and/or authors, either the
study of higher quality or the most recent publication was
included in the analysis. Abstracts, letters, editorials,
expert opinions, reviews without original data, case
reports, and studies without control groups were excluded.
2.4. Outcomes of interest
The following outcomes were used to compare the two
operative techniques: operative outcomes (which included
operative time, operative blood loss, number of patients
requiring blood transfusion, and oncologic clearance in
terms of pathological resection margins) and postoperative
outcomes (including time required until oral intake, time to
first flatus, hospital stay, morbidity, and mortality).
2.5. Statistical methods
This meta-analysis was performed using the Review Manager
(RevMan) software, version 4.2.7. We analyzed the dichot-
omous variables by estimating the odds ratios (OR)with a 95%
confidence interval (95% CI), and continuous variables were
analyzed using weighted mean difference (WMD) with a 95%
CI. The pooled effect was calculated using either fixed-
effects or random-effects models. Heterogeneity was eval-
uated using either c2 or I2, which can be interpreted as the
percentageof the total variationbetween studies that canbe
attributable to heterogeneity rather than chance. We
considered heterogeneity to be present if the I2 statistic was
> 50%. A p value < 0.05 was considered significant.
3. Results
The literature search identified 19 studies that were pub-
lished between 2006 and 2010 that matched the selection
criteria and were therefore included.9e27 These 19 studies
included a total of 1935 patients: 805 in the LDP group and
1130 in the ODP group. Ten studies were conducted in
United States,9,11,14,15,18,19,22e24,26 four in Japan,12,17,20,21
two in Korea,10,16 one in Hong Kong,13 one in Italy,25 and
one in China.27 The sample size of each study varied from
11 to 342 patients. The study characteristics and patient
demographics are summarized in Table 1.9e27
In these 19 studies, the patients in the two groups were
matched according to age, 9e22,24e27 gender,9,12,13,16e20,22e27
body mass index,10e12,14,15,19e21,23,26,27 pancreatic patho-
logy,9e18,20,21,23e27 American Society of Anesthesiologists sta-
tus,11,13,14,17,20,24e26 preoperative comorbidities,14,16,18,19,22
and tumor size.11,16e19,21,24
Table 1 Baseline characteristics of the studies included in the meta-analysis.
Author/year Country Group No. of
patients




Velanovich et al.9 2006 United States LDP 15 6/9 65 14 15 1, 2, 4 3 (20)
ODP 15 NA NA 15
Shimura et al.12 2006 Japan LDP 5 0/5 57.4 10.8 5 1e4 0
ODP 8 2/6 54.7 14.9 8
Tang et al.13 2007 Hong Kong LDP 9 3/6 61 (18e79)a 4 1,2,4,5 0
ODP 5 3/2 68 (35e77) 5
Teh et al.14 2007 United States LDP 12 4/8 53.4 7 1,3e6 2 (16.6)
ODP 16 12/4 51.5 15
Bruzoni et al.15 2008 United States LDP 7 NA 63.8 (34e78) 0 1,3,4 0
ODP 4 NA 63.2 (37e81) 0
Eom et al.10 2008 Korea LDP 31 NA 46.7 16.7 13 1,3,4 0
ODP 62 NA 47.5 14.9 NA
Kooby et al.11 2008 United States LDP 142 NA 59.0 13.0 NA 1,3,4,5,7 20 (12.6)
ODP 200 NA 58.4 14.3 NA
Kim et al.16 2008 Korea LDP 93 34/59 52 14.7 55 1,2,4,6,7 0
ODP 35 16/19 52.9 11.7 33
Matsumoto et al.17 2008 Japan LDP 14 7/7 58.6 17.6 NA 1,2,4,5,7 1 (7.1)
ODP 19 7/12 63.2 13.2 NA
Baker et al.18 2009 United States LDP 27 9/18 59.2 3.2 NA 1, 2, 4, 6,7 0
ODP 85 39/46 59.3 1.6 NA
Finan et al.19 2009 United States LDP 44 13/31 60.5 59 41 1e3,6 6 (4.1)
ODP 104 42/62 55.5 63 100
Nakamura et al.20 2009 Japan LDP 20 6/14 53.5 18.6 13 1e5,7 1 (4.7)
ODP 16 8/8 61.5 20.6 11
Aly et al.21 2010 Japan LDP 40 14/26 47 16 27 1,3,4,7 4 (10)
ODP 35 24/11 52v16 32
DiNorcia et al.22 2010 United States LDP 71 22/49 58.2 14.1 60 1,2,6 24 (25.3)
ODP 192 73/119 60.2 15.2 162
Jayaraman et al.23 2010 United States LDP 100 42/58 NA NA 2-4 32 (30)
ODP 100 35/65 NA NA
Kooby et al.24 2010 United States LDP 23 11/12 64.6 12.3 NA 1,2,4,5,7 4 (17)
ODP 70 27/43 65.9 11.1 NA
Casadei et al.25 2010 Italy LDP 22 4/18 59 16.2 18 1,2,4,5 0
ODP 22 4/18 62 14.6 18
Vijan et al.26 2010 United States LDP 100 40/60 59.0 17.3 75 1-5 4 (4)
ODP 100 50/50 58.6 15.2 NA
Zhao et al.27 2010 China LDP 30 13/17 47.5 12.91 19 1-4 1 (3.3)
ODP 42 20/22 46.19 12.0 21
LDPZ laparoscopic distal pancreatectomy; ODPZ open distal pancreatectomy; MZmale; FZ female.
a 1Z age; 2Z gender; 3Z body mass index; 4Z pancreatic pathology; 5Z American Society of Anesthesiology status; 6Z preo-
perative comorbidities; 7Z tumor size.
Distal pancreatectomy 3The conversion rate ranged from 0e30%. The total of 102
conversions from laparoscopic to open laparotomy were
reported in 12 studies.9,11,14,17,19e24,26,27
3.1. Meta-analysis of the operative outcomes
The results of the overall meta-analysis are outlined in
Table 2.9e27 The pooled analysis of the 10 studies that
provided data shows that operative time was significantly
increased in the LDP group in comparison with the ODP
group with a WMD of 27.91 (95% CI: 4.01e51.94), and this
finding was associated with a significant level of hetero-
geneity between studies (I2Z 85.3%; Fig. 1).
Eight studies reported operative blood loss, which was
found to be significantly lower in the LDP group versus theODP group (WMD: -273.11, 95% CI: -404.61 to -141.61) with
significant heterogeneity between the studies (I2Z 95%;
Fig. 2). Accordingly, patients in the LDP group demon-
strated a lower rate of blood transfusion (6 trials reported
these data; OR: 0.28; 95% CI: 0.11e0.71). Seven studies
reported the adequacy of oncological clearance in terms of
pathologic resection margins, and no significant differences
were noted between the two groups (Fig. 3).
3.2. Meta-analysis of the postoperative outcomes
All measures of postoperative recovery were significantly
better in the LDP group: specifically, time to oral intake (6
trials reported these data; WMD: -1.19; 95% CI: -1.87 to
-0.50), time to first flatus (4 trials reported these data;
Table 2 Results of a meta-analysis comparing laparoscopic versus open resection for left-sided pancreatic pathology.
Outcome of interest No. of studies No. of patients OR/WMD 95% CI p I2 (%)
Operative outcomes
Operative time 1010e12,17,18,20,21,24,25,27 LDPZ 354, ODPZ 559 27.91 4.01, 51.94 0.02 85.3
Blood loss 811,12,17,18,20,21,24,27 LDPZ 301, ODPZ 475 273.11 404.61, 141.61 < 0.001 95
Blood transfusion required 610,13,16,17,20,27 LDPZ 197, ODPZ 179 0.28 0.11, 0.71 0.007 6.7
Positive resection margin 711,13,22e24,26,27 LDPZ 475, ODPZ 709 0.61 0.36, 1.05 0.07 26.2
Postoperative outcomes
Time to oral intake (d) 616,17,20,21,25,27 LDP Z219, ODPZ 169 1.19 1.87,0.50 < 0.001 77.8
Time to first flatus (d) 417,20,21,27 LDPZ 104, ODPZ 112 1.03 1.93,0.12 0.03 92.7
Hospital stay (day) 1110e12,18e21,24e27 LDPZ 484, ODPZ 744 3.87 5.06,2.68 < 0.001 90.9
Overall morbidity 179e18,20e23,25e27 LDPZ 738, ODPZ 959 0.70 0.56, 0.87 0.001 23.8
Pancreatic fistula 169e11,13,14,16e23,25e27 LDPZ 770, ODPZ 1048 0.86 0.66, 1.13 0.29 0
Wound infection 79,11,14,19,21,26,27 LDPZ 383, ODPZ 512 0.37 0.20, 0.68 0.001 0
Pulmonary complications 79,10,14,17,19,21,27 LDPZ 186, ODPZ 293 0.59 0.27, 1.28 0.18 0
Reoperation 411,17,22,25 LDPZ 249, ODPZ 262 1.55 0.55, 4.40 0.41 0
Mortality 179e22,25e27 LLRZ 682, OLRZ 960 0.75 0.25, 2.28 0.61 0
LDPZ laparoscopic distal pancreatectomy; ODPZ open distal pancreatectomy; ORZ odds ratio; WMDZweighted mean difference;
CIZ confidence interval.
4 C.-J. Sui et al.WMD: -1.03; 95% CI: -1.93 to -0.12), and length of hospital
stay (11 trials reported these data; WMD: -3.87; 95% CI:
-5.06 to -0.2.68). However, significant heterogeneity was
found among the studies that reported these outcomes
(I2> 50%; Figs. 4e6).
Overall, morbidity was indicated in 28.4% of patients
treated with LDP and in 37.8% of those treated with ODP,
with the difference being statistically significant and
favorable to LDP (17 trials reported these data; OR: 0.70;
95% CI: 0.56e0.87; Fig. 7). Wound infection was found to
be significantly lower in the LDP group (7 trials reported
these data; OR: 0.37; 95% CI: 0.20e0.68). In contrast,
the incidence of pancreatic fistula (LDP, 14.5%; ODP,
17.9%; pZ 0.29), pulmonary complications (LDP, 3.2%;
ODP, 7.8%; pZ 0.18), and reoperation (LDP, 4.0%; ODP,
3.0%; pZ 0.41) were similar between the two groups.
Other complications such as intra-abdominal abscess,
urinary tract infection, fluid collection, atrial fibrillation,
incisional hernia, paralytic ileus, and deep venous
thrombosis were only reported in one or two studies.
Therefore, we did not analyze these data.Figure 1 Results of the meta-anaPostoperative mortality was similar between the two
groups (17 trials reported these data; OR: 0.75; 95% CI:
0.25e2.28). Three and nine deaths were reported in the
LDP and ODP groups, respectively, yielding an overall
mortality rate of 0.4% and 1.0%, respectively.4. Discussion
This meta-analysis revealed that LDP requires a longer
operating time than ODP. The longer operating time for LDP
may in part reflect the early learning curve because this is
a relatively new procedure that requires extensive experi-
ence in open pancreatic surgery in combination with a high
level of laparoscopic skill.2 This effect can be minimized by
adopting a team approach, allowing the consolidation of
skills and expertise.21 The decrease in blood loss and the
low transfusion requirement rate in the LDP group may be
related to the less invasive nature of the operation.
The pooled data showed a shorter hospital stay for the
LDP group in comparison with the ODP group. The earlierlysis regarding operating time.
Figure 2 Results of the meta-analysis regarding operative blood loss.
Distal pancreatectomy 5recovery of bowel function, shorter time required to
tolerate oral intake, and reduced postoperative stress after
LDP versus ODP are probably responsible for this benefit.
Furthermore, ODP usually requires an extensive abdominal
incision. Wound pain in association with the long incision
would prevent an early return to normal activities.
Patients in the LDP group developed fewer overall
complications than those in the ODP group. This may be due
to the more rapid postoperative recovery of the LDP group.
The shorter incision that is needed to perform LDP is
believed to contribute to its lower rate of wound infection.
The incidence of postoperative pancreatic leak, the most
serious complication after distal pancreatectomy, was
similar in both groups. The method of pancreatic trans-
action varied between the LDP and ODP groups. In the LDP
group, the pancreas was usually transected using
a harmonic scalpel, LiagSure, bipolar cautery, or an Endo
GIA stapler, whereas in the ODP group pancreatic trans-
action was usually performed using an electrocautery blade
or Endo GIA stapler.10,26,27 Teh et al14 stated it is likely that
pancreatic leak will develop, regardless of the approach
and the method used to close the pancreatic stump.
Recently, a Japanese group described a peri-firing
compression method in which the pancreas is compressed
directly using Echelon. After the first compression,
compression is maintained on the pancreas for another 3
minutes and then the stapler is fired. After firing, the
pancreas is kept compressed for a further 2 minutes. No
pancreatic leakage was observed in a consecutive series ofFigure 3 Results of the meta-anal17 patients who underwent LDP,28 but this must be
confirmed by further studies by other centers.
The rate of postoperative mortality in each group was
extremely low, as demonstrated in current study. This is
a reflection of the high volume of pancreatic surgeries that
are performed and the advances that have been made in
modern perioperative management.14 It has been sug-
gested that laparoscopic surgery carries the potential risk
of deep vein thrombosis that is caused by increased intra-
abdominal pressure.29 Vijan et al26 reported the deaths of
two patients in the LDP group following postoperative
pulmonary embolus. Interestingly, the single death in the
ODP group was also due to a pulmonary embolus in their
study. All three of these patients had been diagnosed with
malignancy, which is a known risk factor for postoperative
thromboembolism, suggesting that these patients were at
high risk irrespective of the approach used.26
Some authors have suggested that malignant pancreatic
neoplasms are a contraindication to laparoscopic resection
because of concerns regarding the radicality of the resec-
tion.30 The present study shows there are no significant
differences in terms of the proportion of patients with
positive radial margins between the two groups. Another
concern about the laparoscopic resection of malignancies is
the potential risk of trocar site metastases, wound recur-
rence, peritoneal carcinomatosis, and the promotion of
neoplastic growth by pneumoperitoneum.31e33 However,
there is no definitive evidence in the literature that the use
of the laparoscopic technique increases the risk ofysis regarding resection margins.
Figure 4 Results of the meta-analysis regarding time required until oral intake.
Figure 5 Results of the meta-analysis regarding time to first flatus.
6 C.-J. Sui et al.neoplastic dissemination,34 and none of the patients fol-
lowed in the current study developed any trocar site or
peritoneal metastasis. More recently, a large multicenter
study reported that patients with pancreatic ductal
adenocarcinoma (an aggressive malignancy) who under-
went LDP demonstrated similar median survival in
comparison with those who underwent ODP in a matched
cohort analysis (16 months vs. 16 months).24 Taken
together, these results suggest that LDP does not compro-
mise oncological principles.
The results of this meta-analysis should be interpreted
with caution because of several limitations. First, all of data
in the present study were reported in nonrandomized
controlled trials. Meta-analysis of such data leads to less
powerful results than those based purely on randomized
patients. However, we should take into account that it isFigure 6 Results of the meta-analysidifficult to conduct a prospective randomized study because
of poor patient compliance. Second, it was impossible to
match the patient characteristics across all of these studies,
which could have caused the heterogeneity between the
groups. We applied a random-effect model in order to take
between-study variation into consideration. This does not
necessarily rule out the effect of heterogeneity between
studies, but onemay expect a very limited influence. Finally,
the effects on the long-term clinical outcomes of patients
diagnosed with malignant neoplasms of the pancreas were
not well evaluated due to insufficient data. Further investi-
gations regarding these outcomes are warranted.
The present meta-analysis included a total of 1935
patients who were treated with distal pancreatectomy for
pancreatic diseases, representing the largest body of
information currently available for the comparison of LDPs regarding length of hospital stay.
Figure 7 Results of the meta-analysis regarding overall morbidity.
Distal pancreatectomy 7and ODP. This study demonstrates that LDP is a feasible and
safe alternative to the open technique. Patients undergoing
LDP may benefit from less blood loss, faster postoperative
recovery, and reduced overall morbidity and wound infec-
tion without compromising oncologic clearance. These
results suggest some of the advantages of LDP. Further
large trials are required to delineate the long-term clinical
outcomes of patients diagnosed with malignant neoplasms.
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